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Cross Reference to Related Application 
[0001] This Application claims priority to Taiwan Patent Application No. 091 124965 filed 

on October 25, 2002. 

Field of Invention 

[0002] This invention relates generally to a branch metric generator and, more specifically, 

relates to a branch metric generator for Viterbi decoder that generates branch metrics applied 
in WCDMA, wireless LAN and other digital communication systems. 

Background of the Invention 
[0003] Heretofore, it is known that the convolutional encoding and error correction 

technologies are applied frequently in the receiving ends of the wireless communications. 
The processes include the steps of decoding of the encoded signals and converting the 
signals into readable data. Viterbi decoders are a kind of popular convolutional decoder, 
calculating the received signals based on the built-in parameters and tracing possible routes 
to restore the original data. 

[0004] Referring to Fig. 1, a Viterbi decoder includes three major portions: a branch metric 

generation unit (BMU), a path metric uploading unit (PMU) and a survivor memory 
management unit (SMU). The BMU calculates and generates a branch metric 101 based on 
input signals IN. The PMU carries out a comparison and generates new branch route 103. 
The SMU decodes and outputs correct data OUT through the branch route 103. 

[0005] The branch metric 101 is the tracks during encoding. Fig. 2 illustrates a trellis 

diagram of a convolutional encoder. Column 201 shows that a branch metric with a length 
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of 8 can have 2 8 " 1 =128 states (0-127). Row 203 indicates the input bits (BitO-BitN) of the 
encoder. State 205 indicates the current status of the encoder. It may transfer to a next state 
in the direction of Arrow 207. Every state has two transferable states decided by Row 203. 
The Viterbi decoder restores the data of Row 203 by means of the branch metric 101 . 
[0006] Since every state comes from two previous states, there are two repeated statuses. 

The shape of the bold lines in Fig. 2 looks like a butterfly. The branch metric 101 basically 
consists of many butterfly-like patterns. Fig. 3 shows a butterfly pattern 209. Either State 
301 or State 303 is the current state of the encoder. States 305 and 307 are next possible 
states. Both States 301 and 303 might transfer to States 305 and 307. The current input to 
the encoder decides the next state going to be State 305 or state 307. For example, if the 
current state is Sate 301, it follows the transition direction 302 toward State 305 when the 
input is 0, and, otherwise, it follows transition direction 304 toward State 307 when the input 
is 1. 

[0007] Fig. 4 is a block diagram of BMU. As shown in Fig. 4, BMU includes two 

circuitries: one is a branch metric generator BMG and the other is a branch metric calculator 
BMC. BMG includes two outputs, ref_bit_0 and refbit_l, to provide every route's ideal 
data values. BMC calculates the difference between received signals, rec_bit_0 and 
rec_bit_l, and ideal data values, ref_bit_0 and ref_bit_l, and then transmits the difference 
toward PMU in Fig. 1. During data transmission, one usually divides data into positive and 
negative portions, e.g. a 7-bit data can be divided into (1-64) and (-1-64). When the 
outputs, refbitj) and ref_bit_l, of BMG are all 0, it means the received signals, rec_bit_0 
and rec_bit_l, should be within (1-64). When the outputs, ref_bit_0 and ref_bit_l, of BMG 
are all 1, it means the received signals, rec_bit_0 and rec_bit_l, should be within (-1—64). 
For example, if {rec_bit_0, rec_bit_l}={24, -55} and {ref_bit_0, ref_bit_l}={0, 0}, one can 
realize that rec_bit_0=24 is correct but rec_bit_l=-55 is wrong. Therefore, the outputs of 



39524.8200 



2 



[0008] 



[0009] 



[0010] 



[00111 



EXPRESS MAIL NO. EV325888435US 

BMU modify {rec_bit_0, rec_bit_l}={24, -55} to {out_bit_0, out_bit_l}={0, 55}. After 
that, one chooses a shorter route as the correct decoding route. 

In order to determine if the received data is correct, the prior art decoders store ideal 
data values in BMG in advance to compare with the received data. However, the method of 
the prior art needs at least an adder and a memory built in BMG, and moreover needs a 
circuit to generate addresses pointing to the memory. Such arrangement not only limits the 
speed of decoders but also increases layout area of the circuit. Besides, BMG is designed to 
be able to generate many sets of branch metrics for different systems. Fig. 5 illustrates a 1/2 
rate BMG of the prior art, which decides a branch metric by an input sel_in. Such structure 
requires several multiplexers to select the branch metric and, as mentioned above, enlarges 
its physical size that results in higher manufacturing cost. 

Summary nf the Invention 

One aspect of the present invention is to provide a branch metric generator for a 
Viterbi decoder to generate a branch metric with butterfly patterns. 

Another aspect of the present invention is to provide a branch metric generator for a 
Viterbi decoder which can perform high speed decoding and error correction, with reduced 
layout area and also lower overall cost. The generator can be applied in WCDMA, wireless 
LAN and digital communication systems. 

In order to achieve the aspects set forth, a branch metric generator for Viterbi 
decoder in accordance with the present invention includes a linear feedback shift register and 
a convolutional encoder. The linear feedback shift register carries out a specific primitive 
characteristic polynomial calculation to generate a number sequence. The convolutional 
encoder encodes the number sequence properly in order to output a branch metric with 
butterfly patterns. 
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Brief Descrintion of the Drawings 
[0012] Fig. 1 is a block diagram of a Viterbi decoder; 

J0013] Fig. 2 is a trellis diagram of a branch metric; 

[0014] Fig. 3 is a butterfly pattern chart; 

[ 0015] Fig. 4 is a block diagram of a branch metric generation unit; 

[0016] Fig. 5 is a circuit diagram of a generator generating two different branch metrics in 

accordance with the prior art; 
[0017] Fig. 6 is a block diagram of a first embodiment of the present invention; 

[0018] Fig. 7 is a circuit diagram of the first embodiment of the present invention; 

[0019] Fig. 8 is a block diagram of a second embodiment of the present invention; and 

[0020] Fig. 9 is a circuit diagram of the second embodiment of the present invention. 

Detailed Description 

[0021] The present invention provides a branch metric generator to generate a branch metric 

with butterfly patterns performing a comparison calculation with received signals in order to 
assure correctness of the received signals. Fig. 6 is a block diagram of an embodiment of the 
present invention. The structure includes a linear feedback shift register 601 and a 
convolutional encoder 603. The linear feedback shift register 601 performs a specific 
primitive characteristic polynomial calculation according to system requirement and 
generates a number sequence 602. The convolutional encoder 603 encodes the number 
sequence 602 properly and then outputs a branch metric BM with butterfly patterns. The 
bold arrows in Fig. 6 indicate the transmission includes at least two-bit data. 
[0022] The linear feedback shift register 601 further includes a number sequence generation 

circuit 607 and a performing circuit 605. The number sequence generation circuit 607 
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generates a binary number 604 and outputs it to the performing circuit 605. The performing 
circuit 605 includes a specific primitive characteristic polynomial calculation, which may be 
a polynomial division. After the binary number 604 goes through the calculation in the 
performing circuit 605, a result 606 is transmitted to the number sequence generation circuit 
607 to generate a next binary number 604. Such iteration forms the number sequence 602. 
As shown in Fig. 6, a first output end OUTl of the number sequence generation circuit 607 
is connected to a data input end IN of the performing circuit 605. A data output end OUT of 
the performing circuit 605 is connected to an input end IN of the number sequence 
generation circuit 607. A second output end OUT2 of the number sequence generation 
circuit 607 is connected to an input end IN of the convolutional encoder 603. The branch 
metric BM, through an output end OUT of the convolutional decoder 603, is transmitted to 
the next stage, the branch metric calculator BMC. 

Fig. 7 illustrates a circuitry of the embodiment shown in Fig. 6. This circuit is 
applied to those systems which comply with the third-generation partnership project (3 GPP) 
regulations. According to the regulations, the constraint length k of the embodiment is equal 
to 9, which means that the number sequence generation circuit 607 needs 7 registers: l st j", 
2 nd _r... 7 th _r and an XOR gate 611. However, the 7 registers and the XOR gate 611 can 
only generate 2 7 -l binary numbers 604 forming a number sequence. A NOR gate 609 must 
be included to generate 2 7 binary numbers 604 forming a number sequence. The registers 
l st _r, 2 nd _r. . . 7^ can, but are not limited to, use of D Flip-Flops. Any other type Flip-Flops 
or similar circuits are available herein. 
[0024] The performing circuit 605 includes calculation of a specific primitive characteristic 

polynomial: X 7 +X+l. In order to perform the calculation, the first output end OUTl of the 
number sequence generation circuit 607 should also include the outputs of 6th_r and 7th_r. 
Moreover, the performing circuit 605 should also include an XOR gate 613 whose input is 
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connected to the data input end IN of the performing circuit 605 and whose output is 
connected to the data output end OUT of the performing circuit 605. 

According to the regulations of 3GPP, the convolutional encoder 603, connected to 
the linear feedback shift register 601, includes several XOR gates, and the interconnections 
are shown in Fig. 7. The convolutional encoder 603 can generate binary branch metric 
outputs, ref_bit_0 and refbit_l. The outputs, refbitj) and ref_bit_l, can be a reference to 
determine if received signals are correct or not. 
[0026] Different transmission speed or different transmission bits are used to match various 

data quality requirements; therefore, different primitive characteristic polynomials are 
sometimes required to build in a branch metric generator. A second embodiment of the 
present invention is another branch metric generator of this case. It selects one of the 
primitive characteristic polynomials to generate a branch metric with butterfly patterns 
through a selection signal. As shown in Fig. 8, a branch metric generator, being capable of 
selecting one from several primitive characteristic polynomials, includes a selector 701, a 
performing circuit set 711, a number sequence generation circuit 717 and a convolutional 
encoder 705. The selector 701 selects one of the calculation results 706 respectively derived 
from the primitive characteristic polynomials to generate a specific result 702. The 
performing circuit set 711 includes a plurality of performing circuits. Each of the 
performing circuits represents one of the primitive characteristic polynomials. The 
calculation results 706 are transmitted to the selector 701 to be selected. The function of the 
number sequence generation circuit 717 is the same as that of the number sequence 
generation circuit 607 shown in Fig. 7. Basically, they are composed of a plurality of 
registers. The convolutional encoder 705 encodes a number sequence 704 generated by the 
number sequence generation circuit 717 into a branch metric BM with butterfly patterns. 
The bold arrows in Fig. 8 show at least two-bit data transmitted. 
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Fig. 9 is the circuitry of Fig. 8. The selector 701 includes a selection input end 
MODE, a plurality of select logic gates 709 and a multiplexer 707. The selection input end 
MODE is configured to input a selection signal. When the selection signal is 2 bits, the 
signal can be (0,0), (0,1), (1,0) and (1,1). In addition to controlling the select output of the 
multiplexer 707, the selection signal can select the number sequence 704 generated by the 
number sequence generation circuit 717, through a plurality of select logic gates 709, to 
generate a result 708 inputted to the performing circuit set 711 . In this embodiment, one of 
four primitive characteristic polynomials can be selected, and the selection signal is 2 bits to 
respectively select four different calculation results 706. The multiplexer 707 selects a 
performing circuit based on the selection signal. One selected performing circuit represents 
a specific primitive characteristic polynomial. The present invention is not limited to 
m ult,plexers. On the contrary, any circuit having similar functions is avatlable herein. 

The number sequence 704, generated by the number sequence generation circuit 717, 
is inputted to the ccnvolntional encoder 705 and the select logic gates 709 respectively. The 
performing circuit set 711 includes four primitive characteristic polynomials. The 
calculation results 706 of the four primitive characteristic polynomials are inputted into the 
multiplexer 707. The multiplexer 707 selects one result based on the selection signal, and 
the selected result as well as the output of the NOR gate 713 are inputted to the XOR gate 
7,5. The output signal of the XOR gate 715 is transmitted to the number sequence 
generation circuit 717. It is noted that the selection signal respectively controls the 
multiplexer 707 and the select logic gates 709 to select a specific primitive characteristic 

polynomial for calculation. 

The performing circuit set 711 in Fig. 9 includes four primitive characteristic 
polynomials: P.=x' +X+ 1, P*.*+X + l. P3=X> + xM and F4-*« + l. The calculation of 
each primitive characteristic polynomial carries out via XOR gates. The number sequence 
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generation circuit 717 includes 7 registers: 1% 2 nd _r... 7*_r, accomplished with D Flip- 
Flops. However, the present invention is not limited to D Flip-Flops only. Any other type 
Flip-Flops or any circuit having similar functions will do. The convolution^ encoder 705, 
according to 3GPP's regulation, includes several XOR gates whose interconnections are 
shown in Fig. 9. The convolution^ encoder 705, a 1/4 rate encoder, generates four different 
branch metrics: codeO, codel, code! and codeS. In other words, the four different branch 
metrics generated from four different primitive characteristic polynomials can apply to four 
different systems by controlling the select input selection signals: mode[0] and mode[l]. 
,0030] Based on above description, the present invention is capable of applying to different 

systems with setting the selection signal to determine one specific primitive characteristic 
polynomial to generate a specific branch metric. Though the embodiment in Fig. 9 includes 
four primitive characteristic polynomials, those skilled in the art appreciate that other branch 
metric generators, now known or hereafter developed, are considered within the scope of the 
invention, based on the teachings set forth herein.. Moreover, the layout area of the present 
invention is much smaller than that of the prior art. 
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